Abstract. The annual variation of the sex ratio (SR) of 1385 twin births was analyzed and compared to that of 85909 singletons. These births referred not only to live births but also to stillbirths in two southeastern Brazilian maternity hospitals from 1984 to 1993. While the annual variation of the SR of singletons was very small, that of twin births was extremely high, due to the significant heterogeneity of the annual data. It is suggested that the large SR annual variation of the twin birth might be a consequence of the variation of male or female monozygotic twins.The hypothesis that twin births show a lower sex ratio than singletons could not be supported by the present data.
INTRODUCTION
The SR at birth shows a great variability in human populations, ranging from about 101 to 113 males per 100 females. As the number of males exceeds significantly that of females either among spontaneous and provoked abortions or stillborn children [8, 16, 24] the excess of males at birth cannot be attributed to a surplus of female deaths before birth. This would also mean that the SR at the time of fertilization would be higher than that observed among the newborn children. This phenomenon may be attributed to a greater fertilizing capacity of spermatozoa bearing a Y chromosome, since such spermatozoa occurs less frequently (45%) than those lacking it [3] and, in spite of this difference, an excess of males at birth is observed in all populations.
The day of the menstrual cycle when insemination occurs is also a factor that may influence the SR of humans, as a male child is more likely to be conceived from a coitus occurring early in the cycle than later [10, 11, 12, 14] . This is also the explanation why a higher coital rate increases the conception of a male child, since it rises the probability of insemination early in the menstrual cycle [6, 12, 19, 20] .
Several authors have concluded that twin births show a lower SR than singletons [2, 4, 7, 9, 13, 17, 22, 23] , but some others could not confirm this tendency [18, 21] . The present paper aims to compare the annual variation of the SR in twin births at two maternity hospitals from southeastern Brazil with that observed in a control group of singletons, and to speculate about some interpretations of the variability of this ratio.
MATERIALS AND METHODS
The annual variation of the SR of 1385 twins born from 1984 to 1993 in the State of Sao Paulo, Brazil, was compared to that of 85909 singletons. The variation of the twin births SR according to both the proportion of monozygotic (MZ) pairs among them and to the maternal age was also investigated. All the singletons and 763 pairs were born at a maternity hospital in Campinas (Maternidade de Campinas), and the remaining 622 at the Hospital Santa Catarina in the city of Sao Paulo. These deliveries included live births and stillborn children. Only fetuses with 500 g or less were excluded and classified as abortions, since this weight corresponds to a gestation age between 20 and 22 weeks, as well as to 25 cm fetal length [5] .
The SR, calculated as the number of males per 100 females, was obtained by 100 (2a + b)/(2c + b) for twin births, where a, b, c are the numbers of MM, MF and FF pairs, respectively. Among the singletons the SR was obtained by 100 M/F. Since SR does not follow a normal distribution, the correlation coefficients between this and other variables were obtained by calculating Spearman's correlation coefficient (r s ), while the comparisons of proportions were made by applying the chi-square test. The frequency of monozygotic pairs was estimated according to the classical Weinberg's rule [25] . Table 1 shows the data on the annual distribution of the SR of single (85909) and twin births (1385) from 1984 to 1993 in Campinas (763) and Sao Paulo (622).The distribution of the estimated frequencies of MZ pairs and the SR of twin deliveries in Campinas (757) and Sao Paulo (549) according to maternal age are shown in Table 2 .
RESULTS
In Table 1 it is seen that the sex ratio of the singletons born from 1984 to 1993 has shown a small variation (S.D. = 3.0) when the mean value was estimated as 104.6 males per 100 females. In contrast, either the twins born in Campinas (101 M:100 F, on the average) or those born in the city of Sao Paulo (107.1 M:100F , on the average) have shown an extremely high variation in the period (S.D. = 20.4 for the series of Campinas and S.D. = 29.7 for the series of Sao Paulo). This variation is reflected in the chi-squares for the comparisons of the annual SRs with the corresponding mean. Thus, while among the singletons no annual SR value differed significantly from the mean (104.6 M:100 F) and no heterogeneity was detected, in the two series of twin births some annual SR values exhibited significant differences from the mean: twice in the series of Campinas (1984 and 1989) and five times in the series of Sao Paulo (1984, 1985, 1988, and 1989) , as pointed out in Table 1 . Moreover, each series has shown significant heterogeneity , and significant differences between the mean (102.9 M: 100 F) and the annual SR values have been observed three times (1984, 1985, and 1987) . On the other hand, a heterogeneity test applied to this data revealed that the annual distribution of SR from 1984 to 1993 cannot be accepted as homogeneous (% 2 = 34.07; 9 D.F.; p < 0.001).
The heterogeneity of the annual SR variation of twin births was also demonstrated by applying Woolf 's test [26] for comparing the annual SRs of singletons with those of twin births in the pooled data. Besides confirming the high heterogeneity of the data (X 2 = 28.10; 9 D.F.; p < 0.001), this test has shown that twin births have no effect on sex ratio (x Table 2 This might indicate that the shifting towards females of twin births SR when maternal age increases is a consequence of the predominance of dizygotic (DZ) pairs as maternal age rises [1] . Nevertheless, the correlation coefficient between the percentage of MZ pairs and SR twin births was not significant at the 5% level (r s = 0.60; p = 0.21). It can be suggested that the large annual SR variation exhibited by twin births might be a consequence of the annual variation of the proportion of male or female MZ twins. Since MZ pairs are almost always MM or FF, an important variation, that might be at random, favoring one or another sex would have a striking effect. The pooled data on Table 1 favors this interpretation. As a matter of fact, consider that in each year, besides excluding the MF pairs, a number corresponding to half MF twins would be subtracted equally from the MM and FF pairs. In this case, according to Weinberg's rule, the remainder MM and FF twins would represent theoretically the MZ twin births, among whom both the annual SR variation (S.D. = 41.6) and the chisquare for heterogeneity are extremely high (% 2 = 140.76; 9 D.F.; p < 0.001). This result suggests that conclusions on the SR of MZ pairs based on pooled samples should also be reviewed for excluding the possibility of heterogeneity. At any rate, the SR favoring males in the theoretical distribution of MZ twins (mean = 109.4 M:100 F) is in disagreement with earlier suggestions [13, 15] that MZ twins have a sex ratio favoring females.
CONCLUSIONS
The present study allows the following conclusions concerning the SR of singletons and twins born in southeastern Brazil from 1984 to 1993:
1. the annual SR of singletons (Mean = 104.6 M:100 F) was homogeneous and has shown a small variation (S.D. = 3.0); 2. the annual twin births SR (Mean = 102.9 M:100 F) was heterogeneous and have shown an extremely high variation (S.D. = 19.7), which prevents to compare the SR of pooled data on twin births with that on singletons;
3. maternal age was negatively correlated with both the S R of twin births and the theoretical frequency of M Z pairs, but the percentage of M Z twins was not significantly correlated with the SR of twin births;
4. the large annual SR variation of twin births might be a consequence of the sex variation of M Z pairs.
